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REWRITTEN MARKED UP COPY 

A pattern inspection method in which an image can be detected without an image 
detection error due to caused by an adverse effect to be given by such factors as ions 
implanted in a wafer, pattern connection /no-conn e ction non-connection , and pattern edge 
formation. A digital image of an object substrate is attained through microscopic observation 
thereof, the attained digital image is examined to detect defectSi while masking a region 
pre-registered in terms of coordinates^ or while masking a pattern meeting a pre-registered 
pattern, and an image of each of the defects thus detected is displayed. Further, each of the 
defects detected using the digital image attained through microscopic observation is checked 
to judg e determine whether its feature meets a pre-registered feature or not. Defects having a 
feature that meets the pre-registered feature are so displayed that they can be tumed/o ff 
turned on/off , or they are so displayed as to be distinguishable from the other defects. 
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PAIIERN INSPECTION METHOD AND APPARATUS 



BACKGROUND CF THE INVENTION 



(Field of the InventJxxn) 

The present Invention relates to a method and apparatus for 
fabricating substrates having circuit patterns^ such as semiconductor 
devices and n<jrifl crystal display dewixTjas, and^ more particu larly^ to 
a technique ^of)j| inspecting substrate patterns in/ fabrication process. 



(Rescript ijon of the Related Art) 
Conventional optical or electron-beam pattern inspection 
apparatuses have been proposed in JP-A Nos. H5 (1993) - 258703, HI 1 (1999) 
- 160247, S61 (1986) - 278706, H7 (1995) - 5116, H2 (1990) - 146682, 
H9 (1997) - 312318, and H3 (1991) - 85742, for example. 

fl*ef erring to^FIG. it there is shown) ^ an examp^le [of a cotfigurationj 
of an electron-beam pattern inspection apparatus^ which is) ^disclosed 
in JP-A No. H5 (1993) -258703. In this conventional electron-beara pattern 
inspection apparatus, an electron beam 2 emitted from an electron source 
1 is deflected in the X direction by a deflector 3, and the electron 
beam 2 thus deflecte d jis applied tx^ an object substrate 5 under test ^ 
through an objective lens 4. Simuataneous^ly, while a stage 6 is moved 
continuously in the Y direction, secondary electrons 7 or the like produced 
from the object substr^ate 5 are detected by a detector 8. Onus, a detected 
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analog signal Is output from the detecto r 8. Then, through an A/D 
converter 9, the detected analog signal is convexted into a digital linage. 
In an Image processo^r circuit 10, the digital image thus produced is 
compared with a reference digital Image vtiirTh is ejected to be ide ntical 
thereto. If any dl^ferjnce is found, the difference is judg"ed to be 
a pattern defect ll<andQ$ location thereof is determined. 

(deferring tol FIG. 2C there is showfi}! an examp le (of a configuration} 
of an optical pattern inspection apparatus, which ig^j disclosed in JP-A 
No. Hll (1999) - 160247. In this conventional optical inspection 
appara t u s, a light beam emitted from a light source 21 is applied to 
an object substrate 5 under test through an objective lens 22, and light 
reflected from the object substrate 5 is detected by an imacQe sensor 

23. While a stage 6 is moved at a constant speed, detection of reflected 
light is repeated to produce a detected image 24. The detecte^d image 
24 thus produced is stored Into a memory 25. the memory 25), the detected 
image 24 is compared with a ro?eviously memorized reference image 27^which 
is expected to have a pattern identical to that of the detecte^d image 

24. If the pattern of the detected image Is ide n tical to th^Tt of the 
reference image 27, it is judged that ther^e is no defect on the object 
substrate 5. If these patterns are not identical to each other, a pattern 
defect 11 is recogni^zed^ and (a)jloration thereof is determined . 'As an 
example, FIG. 3 shows a layout of a wafer 31 corresponding to the object 
substrate 5. 

the wafer 31, there are formed dice 32 vtfr^ch are to be separated 
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eventually as Individual identical products. The stage 6 is moved along 
a scanning line 33 to detect images in a stripe region 34. In a situation 
where a detection position A 35 is currently taken, a pattern image attained 
at the detection position A 35 is ocnpared with a pattern image attained 
at a detection position B 36 (reference pattern image 27), which has 
been stared in the nemcry 25. Thus, eac h pattern image is comparted with 
a reference pattern image which is expected to be identical thereto. 
In -this arrangement, the ma u m.y 25 has a storage capacity sufficient 
for retaining reference pattern image data to be used far cai^arison, 
and the circuit structure of the memory 25 is designed to perform/ 
cdrculai>shift memory op er ation. 

In the following two examples, a defect check is conducted using 
a binary image of an object under test. In synchronisation with pattern 
detection, a judgnen^t is formed on whether a pattern of the object is 
defective or not whi^^ ignoring a possible defect in a particular mask 
region. 

In JP-A No. S61 (1986 ) - 278706, there is disclosed an example 
of a technique \(p^ inspecting through-holes on a printed circuit board. 
In this inspection technique, a printed circuit board having 
through-holes only in a nan-inspection region thereof is prepared 
beforehand, and an image of the printed circuit board is tal^en prior 
to inspection. A binary image indicating the presence/absence of 
through-holes is thus attained for maskPng, and it is stored as image 
data imnosfcLng data storage. At the time of inspection, if a difference 



-4- 



found in binary image ocnparlson is located at a position intruded in 
anask region stared in the masking data storage, the difference is ignored 
for non-inspection. 

In JP-A No. H7 (1995) - 5116, there is disclosed an exarqple of 
a technique far printQad circuit board inspection. In this inspection 
technique, a pattern is detected to provide binary image data, and using 
the binary image data, a judgnent is fanned on whether the detected pattern 
is normal or not? nn£e specdfically, it is checked^ whether the detected 
pattern meets any specified regular pattern or not. If not, the detected 
. pattern is Judged to be defective. 

In the following two examples, using pattern data, a dead zone 
is provided for the purpose of allowing an error at a pattern boundary 
in inspec t io n . 

In JP-A No. H2 (1990 ) - 146682, there is disclosed an example 
of an inspection techrQjnue in which a mask pattern is ocnpared with design 
data. Through calciQlafcion of design data, a pattern is rediQped by a 
predetermined width to attain a reduced image j and also the pattern 
enlarged by a predet^ernrined ^width to attain an enlarged linage. Then, 
a part caimon to the reduced image and the enlarged image is extracted 
to provide a dead zcn£e having a certain width. Onus, using the design 
data, a mask region is provided so that an error at a pattern boundary 
having a certain width will be ignored (^inspection. 

m JP-A No. H9 (1997 ) - 312318, there is disclosed an exarrple 
of a technique (afj^inspecting patterns using a scanning electron microsocpe 
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( hereinafter referred to Just as a "SEM" ) . Using a referenc^e image 
acquired in advance, a vicinal area of a pattern edge Is set up as a 
region where no critical defect occ u rs^ since a* ndnuscule deviation of 
a pattern edge is not regarded as a defect. Thus, an image of the region 
where no critical defect occurs is ignored . If any difference is found 
between the reference image and an image of a pattern under test^ ex eluding 
the region where no critical defect occurs, the difference is judged 
to be a. pattern defect* 

In JP-A No* H3 (1991) - 85742, there is disclosed an example of 
a system far carrying out ccmparative inspection of printed circuit 
patterns. An image of a candidate defect attained in comparative 
inspection is stored in memory. Then, not simultaneously with the 
comparative inspection, the m emn rr i z.eri image is examined to Judge whether 
a difference is actually a defect or not. 

On an object under te^st, there is an area vfrere a considerable 
difference is found in comparative inspection of patterns j even if the 
difference is not actually a defect. For example,, on an ion-in^planted 
region for formation of a transistor, a non-defective difference maty 
be found in cotparati^ve inspection of patterns. Although a difference 
between a part where ions have been implan ted and a part where ions have 
not be. ,s*^t»« -.tog,--.*——: 

the characteristics of wiring areas ^ other than transistor element 
locations^ are not affected by the presence/absence of implanted ions. 
Therefore, in an ion implantation process, rough masking is used to 
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determlne where lens are to be implanted. However, in electron-beam 
Inspection of wiring areas, a ocnsiderahl^e difference at Lii bu^ table to 
whether inplanted ions are present or not may be detected, resulting 
in a wrong judgment indicating that the difference represents a defect. 

Further, for example, in a power line layer where redundant wiring 
isj£rod§, even if a part of Jl wiring is not connected, circuit normality 
can be ensured by pro vldlng a connection at another point. Therefore, 
in some cases, rough patterning is [made]^ for y power wiring arrangement, 
so that no-cxxinect±^on i w H-wn elements are left. In comparative 
inspection of detected images, a difference attributable to whether a 
rr>nrY*r4-Am is provlcted or not may be found, resulting in a wrong judgment 
Indicating that the difference represents a defect. 

Still further, for example, on a pattern edge, a detected signal 
level varies dependiiT^g on the tMckness/in^cOination of a film thereof. 
Although up to a certain degree of variation in detected signal output 
may be ignored, a mnsicter^K'** difference in detected signal output is 
likely to be taken as a defect mistakenly y. A degree of falsje defect 
detection is however applicable as an index representing product quality. 
It is rfcayiraKift to examine the degree of false defect detection and preclude 
false defects before carrying out defect inspection. 

In the ooai v entional opfcLcal/electrcn-beam pattern inspection 

apparatuses disclosed in JP-A Nos. H5 (1993) - 258703 and HI 1 (1999) 
- 160247, it is not allowed to set up a non-inspection region. 

In the inspection tec hniques disclosed in JP-A Nos. S61 (1986) 
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- 278706 and H7 (1995) - 5116. there is provided a non-inspection region. 
However, according to an example presented in JP-A No. S61 (1986) -278706, 
it is required to specify a non-lnspectlon region covering a very large 
area by using a bit pattern. In applicatio^ n to wafer inspection, a wafer 
surface area 300 ran in diameter has to be inspected using pixels each 
having a size of 0.1 pm. Tnis requires an iirpractically large number 
of pixels, i.e., seveli tera-pixels (seven terabits). According g to the 
inspection technirjue disclosed in JP-A No. H7 (1995) - 5116, any areas 
other than regular pattern areas are treated as non-inspection regions. 
Since very complex patterns are farmed on a wafer, a non-inspectio n region 
cannot be set up Just by means of simple patte rn reg ular ity. 

m the inspection techniques disclosed in JP-A Nos. H2 (1990) 

- 146682 and H9 (1997 ) - 312318, the use of a ncn-inspection region is 
limited to a pattern edge, and therefore it is not allowed to set vqp 
a non- inspection region at an arbitrary desired location. 

In the inspection sys tern disclosed in JP-A No. H3 (1991) - 85742, 
image data of a candidate defect is stored , and then detail inspection 
is narHp^ out using the stored image data to check whether a difference 
is actually a defect or not. Tnis ajpproacQji is applicable to inspection 
of complex pattern geometries. However, based on predetermined criteria, 
a judgment is formed on whether a difference is actually a defect or 
not. Any part may be judged to be normal if requirements bas^d on (the) 
predetermined criteria are satisfied. That is to say, once a part is 
judged to be normal, data regarding the part will be lost. 
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As described above, in the conventional pattern inspection 
techniques, it Is not allowed for a user to set up a non-inspection region 
effective for a device having a complex, larc^e pattern area to be inspected^ 
such as a wafer. Furjtter, In cases where a considerable di±r*e^renoe is 
found in comparative inspection of detected Images even if the difference 
is not actually a defect, it is likely to be misjudged that the difference 
represents a defect. In addition to these disadvantages, the 
conve nti onal pattern Inspection techniques are also unsatisfactory as 
regards stability in detection of minuscule defects. 

SUMMARY OF TOE INVENTION 

It is therefore an object of the present invention to overcome 
the above-mentioned disadvantages of the prior art by providing a pattern 
inspection method and apparatus for enab ling a user to easily set up 
a non-inspection region effective for a device having a complex, large 
pattern area to be inspected. 

In aoccmplishlng this object of the present invention^ and 
according to one aspect thereof, there is provided a pattern inspection 
apparatus such as shown in FIG. 4. While an exemplary configuration 
of an electron-beam pattern inspection apparatus is presented here, an 
optical pattern inspection apparatus can be configured in the same fashion 
in principle. One electron-beam pattern inspection apparatus shown in 
FIG. 4 comprises an electron source 1 for emitting an electron beam 2, 
a deflector 3 for deflecting the electron beam 2, an objective lens 4 
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far converging the electron beam 2 onto an object substrate 5 under test, 
a stage 6 for holding the object substrate 5 and for scarmli^/posl^tioning 
the object substrate 5,j^a detector 8 for detecting secondary electrons 
7 or the like produce^d from the object su^jstrate 5 to output a detected 
analog signalQ. &i A/D converter 9 (far converting) / the detected analog 
signal Into a digital image, y an image processor circuit 10 (in which) Jthe 
converted digital image (is coipared) with a reference digital image 
expected to be identical thereto andj^a difference found in conparison 
\is i»rLcatedi as a can dldate defect 40^. A candidate defect memory part 
41^ for storing featiTje quantity data of each candidate defect 40^ such 
as coordinate data, projection length data and shape data, f a mask setting 
part 44 (in which} pattejcn defects 11 stared in the candidate defeat memory 
part 41 (ace examined) and ja candidate defect located in a masjc region 

42 (shown in FIG. 5), prespecified with coordinates < (is flagged) as a masked 
defect 43 (shown in FIG. s£ and^&i operation display 45|on which data 
of pattern defects 11 received from the mask setting part 44 is dis played, 

an image of a selected pattern defect 11 is displayed, and the mask region 

42 is displayed or edited. 

Ohe ffcdlowing describes) operations in the electron-beam pattern 

inspection apparatus k configured as mentioned above. Referring now to 

FIG. 5, the mask region 42 (is^oescxirec^g 

Cn the object substra^te 5, there is an area where a considerable 

difference is found in conparative inspection of patterns^ even if the 

difference is not actually a defect, such as a region 50 where ions have 
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been inplanted. In^practice [of^ion inpQantatim, Ions are likely to 
be implanted in a deviated fashion, i.e., a deviated icn-inplanted part 
52 is farmed (teside^ normal ion-implanted pattern parts 51. Hie deviated 
ion-implanted part 52 has no adverse effecTt on device ciiaracter^istixs, 
i.e., the deviated ion-inplanted part 52 should be judged to be 
ncn-def active. However, the deviated icn-implanted part 52 is detected 
as a pattern defect 11 . Therefore, an area i n cludi n g the ion-inQplanted 
region 50 is set up as a mask region 42, and a possible defect- in the. 
mask region 42 is treated as a masked defect 43. Since the same die 
pattern is formed rerTetttively on the waf£r 31 shown in FIG. 3, on-die 
coordinates are used in region recognition. Parts having the sane 
coordinates on different dice are regarded as iden t ical, and if on-die 
coordinates of a part are included in a speci f ied region, it is regarded 
that the part is included in the specified region. For the wafer 31, 
beam shots are also characterized toy repetitiveness resides dice. Each 
shot is a unit of beam exposure in a pattern exposure system used far 
semiconductor device fabrication. For identifying some kinds of false 
defects to be precCLud^ed in pattern inspection, the use of shots may be 
mare suitable than that of dice with respect to pattern repetitiveness. 
Although the following description handles dice, it will be obs^lcus to 
those skilled in the art that shots are applicable in lieu of dice and 
that ^thereymay be provided £an arrangement]) for allowing a changeover between 
shots and dice. 

Operations in the electron-beam pattern inspection apparatus 
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aoaarding to the present invention include a conditioning opexa\im in 
vghich the mask region 42 is defined and an inspection operation in which 
any candidate defect 40 detected in ottiejr than the mask regpQxi 42 is 
judged to he a pattern defect. 

In the conditioning operation; the mask region 42 is cleared, 
the electron beam 2 emitted from the elec^jron source 1 is de fl ected in 
the X direction by the deflector 3, and the electron beam 2 thus deflected 
is aHplied to the object substrate 5 through the objective lens 4. 
f?1mi1t«^^"^y, vghile the stage 6 is moved continuously in the Y dir ection, 
secondary electrons 7 or the lite produced from the object substrate 
5 are detected by the detector 8. Thus, a detected analog signal is 
output from the detector 8. Then, through the A/D converter 9, the 
detected analog signsTl is converted into a digital image* In the image 
processor circuit 10, the digital image thus produced is compared with 
a reference digital image which is expected to be identical thereto. 
If any difference is found in comparison, the difference is indteated 
as a candidate defect 40. Feature quantity data of each candidate defect 
40^ such as coordinate data, projection length data and shape data (image 
data)^ is stored into the candidate defect memory part 41. In the mask 
setting part 44, pattern defects 11 are set using feature quantity data 
of respective candidate defects 40. The pattern defects 11 are 
superimposed on an image of the object substrate 5, and the resultant 
image is presented on a map display part 55 of an operation display 45 
(screen) ^ shown in FIG. 6. The user can select any one of the pattern 
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defects 11 (iiKdrdiiT^g true defects 57 and false defects 58 not to be 
detected In FIG. 6) on the map display parjt 55 of the operation display 
45. An iirage of a pattern defect 11 selected en the map display part 
55 is presented cn an image display part 56 of the operation display 
45. By checking the Image of each of the pattern defects 11 on the image 
display part 56, the user classifies the pattern defects 11 into true 
defects 57 and false defects 58 not to be detected* The results of this 
classification are indicated as particular syntools cn the map display 
part 55. 

After ocrrpletion of the defect classificat^icn rrenticned above, 
the user selects an operation display screen shew in FIG, 7, tfxioii 
cciiprises a map display part 55 for presenting an enlarged map i n cl u di n g 
true defects 57, false defects 58 not to be detected and a current position 
Indicator 59, and an image display part 56 for presenting an image 
corresponding to the current position indicator 59. Qa the map display 
part 55, the user can specify a mask region 42 and check a position of 
each pattern defect 11. With reference to classifi c ation :uif£rmation 
on each pattern defect 11 and the image corresponding to the current 
position indicator 59, the user sets up ccordlnates of a rnasjc region 
42 so that the false defects 58 will not be detected. As required, the 
user rai-r ies out the cora^tLcning operation again to set up the ccor^dinates 
of the mask region 42 more accurately. 

In the inspection operation, the electron beam 2 emitted from 
the electron source 1 is deflected in the X direction by the deflector 



-13- 



3, and the electron beam 2 thus deflected is applied to the object substrate 
5 through the objecrtQfve lens 4. SiniiLtaQ^eously, while the stage 6 is 
moved oantinuously in the Y direction, seoondary electrons 7 or the lite 
produced from the object substrate 5 are detected by the detector 8. 
Uius, a detected analog signal is output from the detector 8 . Then, 
through the A/D con v erter ?, the detected analog signal is converted 
into a digital linage . In the image prooeTssor circuit 10, the digital 
image thus produced is oonpared with a reference digital image which 
is expected to be identical thereto. If any difference is found in 
comparison, the difference is indicated as a ca ndidat e defect 40. Feature 
quantity data of each candidate defect 40^ such as cxxardinate data, 
projection length data and shape data (image data)^ is stored into the 
candidate defect memory part 41. She feature quantity data of each 
candidate defect 40 is examined to judge whether the candidate defect 
40 is located in the specified mask region 42 or not. If it is determined 
that the candidate defect 40 is not located in the specified mask region 
42, the candidate defect 40 is defined as a pattern defect 11. Uien, 
the pattern defect 11 is superimposed on an image of the object substrate 
5, and the resultant image is presented on the map display part 55 . Eve n 
if the candidate defect 40 is not defined as a pattern defect 11, the 
feature quantity dafa thereof is retaine^d so that it can be displayed 
again. This makes it possible for the user to avoid forming a wrong 
judgnent that a considerable non-defective difference is a defect. 

In the above-nentionef*"^ d arrangement of the present invention, the 
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mask setting part 44 is used far determining a false defect not to be 
detected. While cxxTrdinates are used in tne mask setting part 44 as 
exemplified above, any other pattern data or feature quantity data of 
each candidate defect image is also applicable for identl f 1 catiT^on. Qa 
a pattern edge, a degree of variation in detected signal output does 
not depend on coordinates, and therefore pattern-edge feature quantity 
data is used for identification instead of coordinate data. 

Further, while masking is made for non-inspection of ca n dida t e 
defects^ as 'gnwanpH- Fiff^ above, another inspection means^ or a method of 
inspection based on another criterion^ is also applicable to exa ntination 
of an area correspcnd^ing to a mask region. In this case, according to 
conditions specified by the user after Inspection, a defect judgment 
can be formed again regarding candidate defects 40 stared in the ca n di dat e 
defect memory part 41. 

As described above ^ and according to the present invention, the 
user can set up a nan -inspection region £ effective . for a device having 
a complex, large pattjern area to be in^ert^ed^such as a wafer. Further, 
in cases where a considerable difference is found in compa rative 
inspection of detected images ^ even if the difference is not actually 
a defect, the present invention makes it possible to avoid fal^e defect 
detection while carrying out detection of ndnuscule defects. 

These and other object^s, features and advantages of the invention 
will be apparent fr^jn the following more particular description of 
preferred embodiments of the invention, as illustrated in the 
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BRIEF EESOOFriCN OP THE DRAWINGS 

FIG. 1 is ^ front view stowing} a schematic ^ (configuration) of a 
o:nv^nt1^^T electron-beam pattern inspection apparatus; 

FIG. 2 is (a front view showing) a schematic ^(ocnfiguraticc^ of a 
pon v q n ticren optical pattern inspecticn apparatus; 

FIG. 3 is a plan view showing a layout of a wafer; 

FIG. 4 is affront view) of an electron-be^^™ pattern inspectic£^n 
apparatus, showing an arrangement of first prctalem-salving means 
acocuL di ng to the present invention; . 

FIG. 5 is a^ plan view (far explaining) f\ operation of the first 
problem- solving moans according to the present invention; . 

FIG. 6 is (an explana tary)f\ diagram showing ja)jlayout of a defec^t 
check screen; .i 

<\ Ik 

FIG. 7 is (an explanato ryJjdLagram showing (a^Laycut of a mask region 

setting screen; ~ i I 

FIG. 8 is affront vie^showing ^ccnfigui^aticn of an electron-beam 
pattern inspection app ara t u s in a first preferred embodiment of the 
present invention; 

FIG. 9 is a diagram sho wing a startup screen in the first preferred 
embodiment of the present invention; 

FIG. 10 is a diagram showing a contrast adjustment screen for 
recipe creation in the first preferred emtodiment of the present 
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invention; 

FIG. 11 Is a diagram showing a trial inspe^ction initial screen 
for recipe creation in the first preferred embodiment of the present 
invention; 

FIG. 12 Is a plan view of a wafer, showing a scanning sequence 
in the first preferred embodiment of the present invention; 

FIG. 13 Is a diagram showing atrial inspectif^cn defect check screen 
far recipe creation in the first preferred embodiment of the present 
invention; 

FIG. 14 is a diagram showing a mask regl on setting screen for 
recipe creation in the first preferred embodiment of the present 
invention; 

FIG. 15 Is a diagram showing an inspectib^n defect check screen 
in the first preferred embodiment of the present invention; 

FIG. 16 is ajjfront view^showing (^configurati^^pn of an eJectron-beara 
pattern inspection apparatus in a second preferred entoodimen^t of the 
present invention; 

FIG. 17 is a diagram showing an image processing region setting 
screen for recipe creation in the second preferred embodiment of the 
present invention; . 

FIG. 18 is a ^Lunt view) showing J ^Syxaif iguratl^on of an electron-beam 
pattern inspection apparatus in a third preferred embodiment of the 
present invention; 

FIG. 19 Is a diagram showing a defect check screen for recipe 
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creation in the thlr^d preferred entxxiine^nt of the present invention; 
and 

FIG* 20 is a diagram showing an image processing feature quantify 
data setup screen for recipe creation in toe third preferred entodiment 
of the present invention. * 

EEEAIUED EESCRIFTICN OF THE PREFERRED EMBODIMENTS 
Tte present invention will now be desca=il£ed in detail ty way of 
example with reference to the aooompanying drawings. 

Embodiment 1: 

fine following describes] eV first preferred embodiment of the 
present invention^ Referring to) FIG- fl£ there is shown ^configuration 
of an electron-beam pattern inspection apparatus y (in) the first preferred 
erritodiment of the present invention. One electron-beam pattern 

inspection apparatus comprises an electron optical system (lO^inoLudingQj 
an electron source 1 for emitting an electron beam £jan elect^ron gun 
(l02]) in which the elec tron beam 2 from the electron source 1 is extracted 
and accelerated by an electrode to produce a virtual electron source 
fl0l\ at a predetermined point through an electrostatic or magnetic field 
superimposing lensQv^ a condenser lens (l03) J far converging the electron 
beam 2 from the virtual electron source flOl) at a predetermined convergence 

r -P 

pointj,^ a blanking plate (l04Jy which is equipped in the vicinity of the 
convergence point of the electron beam 2 for turning on/off the electron 
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bearo 2j^a deflectoo: 105 far deflecting the electron beam 2 in the X and 
Y directLon^T) " and an objective lens 4 for converging the election beam 
2 onto an object substrate j 'Further, the electron-beam pattern 

Inspection apparatus conprises a specimen chanter 107 in which the object 

<\ 

substrate fs) (wafer 31) is held ink vacuunT\ \ a stage 6 where the wafer 31 
is mounted and^a retarding voltage ' 108 is applied fox enabling detection 
of an image at an arbitrary positiocQ^a detetTtor 8 for detecting secondary 
electrons 7 or the like produced from the object substrate jVjto output 
a detected analog signalQ. An A/D converter 9jfdr converting the detected 
analog signal into a digital image, j a memory 109 far storing digital 
image data, ^ an image processor cdrcuit 10 (in which)) the converted digital 
image (is compared) with a reference digital image stored in the roarary 
109 and la difference found in conparison (is indicated^) as a candidate 
defect 4oQ, candidate defect memory part 41J^£pr storing) feature quantity 
data of each candidate defect 40 1 such as coordinate data, projection 
length data and shape data, la general <xn£jxxL part 110 yin which j^ntirej 
apparatus control is conducted. / feature quantity data of each pattern 
defect 11 ^jreoeived from the candidate defect memory part 4l£j. $ mask 
region 42 (shown in FIG. 5) is set as region data, and a ca n d id a t e defect 
located in the mask region 42 is flagged as a masked defect 43 (shown 

in FIG. 5) (control lines from the general control part 110 are not shown 

jus* ^jpsS^0~*A 

in FIG. 8)£ and^&i operation display 45^on which 'data of pattern defects 

A 

11 is displayed, an image of a selected pattern defect 11 is displayed, 
and the mask region 42 is displayed or edited, M still furt her, the 
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electxcn-beam pattern inspection apparatus comprises a keyboard (5?°} 
a mouse (l2l) and a knob{l22) (not shown) for operation and cent rcjQj a Z 
sensor 113 far measuring the heigfht level of each wafer 31 to maintain 
a focal point of a detected digital image through centred of a current 
applied to the objective lens by adding an offset ll^Qja l oadpr [ll6j (not 
shown) far loading the wafer 31 from its cassette 114 to the specimen 
charter 107 and/ unlo ading the wafer 31 from the specimen cha mber 107 
to the cassette 114Qj an orientation flat detector |ll7j (not shown) far 
positioning the wafer 31 acc or ding to the circumferential shape of the 
wafer 3^]j 311 optical : raixneoscope 118 far alio wing observation of a pattern 
the wafer 3l£}j and a standard specimen 119^ which is set on the stage 



on 



Operations in the firs^jt preferred entodimen^t(ape described belowT) 
j^uch) include a conditioning operation ^ in which a mask region 42 is set 
upland an inspection operation ^ in which any ca n dida t e defect 40 detected 
in other than the mask region 42 is examined as a pattern defect. 

In the conditioning operation, a user opens a startup screen shown 
in FIG. 9 on the operation display 45, On a slot selection part 130 
of the startup screen, the user selects a code muter of a slot where 
the wafer 31 to be inspected is contained. Then, on a recipe selection 
part 131, the user specifies a product type of the wafer 31 and a process 
step thereof, and the user presses a red pe creation start button 132 
far starting the conditioning operation. One conditioning operation 
inc0udes|rj contrast setting for the electroyi optical system |l0^, pattern 
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layout setting far the wafer 31, pattern positioning alignment far the 
wafer 31, calibration in which a signal lev el of the wafer 31 is checked 
at a position where the signal level is indicated accurately, inspection 
condition setting, mask region setting, and^ setup condition check in 
trial inspection. (Ascribed below are/Ihe contrast setting, mask region 
setting, and trial inspection, which farm essential parts of the present 
Invention^ ^ 

The general central part HO provides operational instructions 
to each part in the following manner* 

First, the general oantrol part 110 issues an operational 
instruction to the loader (lie) (not shown) so that the loader (il 6] takes 
the wafer 31 out of the cassette 114. Then, through the use of the 
orientation flat detector (117) (not shown) , the cdrcumferential shape 
of the wafer 31 is checked, and the wafe^r 31 is positioned according 
to the result of this check. The wafer 31 is then mounted an the stage 
6, and the specimen chamber 107 is evaluated. Simultaneously, the 
electron optical system [l06\and the retarding voltage 108 are conditioned. 
A voltage is applied to the blanking plate (l04)jto turn off the electron 
beam 2. The stage 6 is moved so that the standard specimen 119 can be 
imaged, and an outp\p£ of the Z sensor 113 is made effective. While a 
focal point of the electron beam 2 from the electron optical system jl06j 
is maintained at a position ccraesponding to "a value detected by the 
Z sensor 113 + an offset 112" , raster scanning is performed by the deflector 
105. In synchronization with this raster scanning, the voltage applied 
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C3 

to the blanking plate (lO^is turned off so that the wafer 31 is irradiated 
with the electron beam 2 as required. Backscattered electrons or 
secondary electrons produced from the wafer 31 are detected by the detector 

8, which then outputs a detected analog signcTl. Ihrcugfr the A/D converter 

9, the detected analog signal is convertPed into a digital image. By 
changing the offset 112. a plurality of digital images are detected, 
and in the general con trol part 110, an cptQnum offset (ill) for neo^mizing 
the sum of image differential values is determined. Die optimum offset 
[III) thus determined is set up as the current offset value . 

After the optimum off set (ill] is es tablish ed d, the output of the 
Z sensor 113 is made ineffective y and a screen tra n s it io n is made to \a 
contrast adjustment screen shown in FIG. 10. The contrast adjustment 
screen ccmprises: a map display part 55^ having a map di^Lay area, a 
button for control!! ^j*g display of the entire wafer or die map, and a 
mouse operation command button 140 for controlling position movement 
or item selection by the use of the mouse (l2l) (not shown); an image display 
part 56 j having an image display area and an image changeover button 141 
for setting an image magnification, V selecting an optical micrograp^h image 
attained through the optical ntLcxoscope 118 or a SEM image attained through 
the electron optical system ^.0^, and ^speci fying a kind of image; a recipe 
creation item selection button 142; a recipe creation end button 133; 
and a recipe save but ton 134. On the cent rast adjustment sere en, the 
user sets the mouse operation corntiand button 140 to a ncweme^nt mode, 
and performs movement on the map by clicking the mouse (121) to view an 
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image at the current position on the image display part. Then, the user 
assigns an adJustitCT^t item of the electaQai optical system (lO e] to the 
Imbb and adjusts each part of the electron optical system (l06) to 

attain proper contrast. 

The recipe creation end button 133 is used for tenrdnating recirTe 
creation^ the recipe save button 134 is used far saving recipe condition 
datzQ^and the recipe creation item selec t ion button 142 is used for setting 
another CTn^l^^ and issuing an instruction for screen transition. 
These buttons are available on alljjthe screens. To open atrial insjpection 
initial screen ^ shown in FIG. 11. the user sets the recipe creation item 
selection button 142 to a trial inspection item. 

The inspection initial screen conpri^ses a map display part 

55, a recipe creation end button 133, a recipe save button 134, a recipe 
creation item selection button 142, an inspection start button 143, and 
an inspection end but ton 144. The user se£s the mouse operation corrmand 
button 140 to a select ion mode. Then, by clicking a die on the map display 
part 55, the user can select /deselect the die for trial inspection . Each 
die can thus be selected for trial inspection. After selecting any die 
for (tcaii)) inspection, the user presses the inspection start button 143 
to start trial inspecQ^on. When trial inspection is started, the stage 
6 is driven for mcMen(jent to a scanning start position of the region to 
be inspected on the wafer 31 mounted thereon. A pre-measured offset 
value inherent in the wafer 31 is added to the offset 112, and the Z 
sensor 113 is made effective. Then, alcnjj the scanning line 33 shown 
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in FIG. 3, the stage 6 is scanned in the Y direction. In synchronisation 
with this stage scanning, the deflpintnr 105 is scanned in the X dir ection. 
Daring a period of ef f ective scanning, a voltage to the blarikin^g plate 
jl04))is turned off to let the electron beam 2 fall on the wafer 31 for 
scanning the surface thereof. Backscattered electrons or secondary 
electrons produced from the wafer 31 are detected by the det ector 8, 
and throu£i the A/D converter 9, a digita^l image of the stripe region 
34 Is attained. Tne digital image thus attained is stored into the memory 
109. After coqplet^cn of the scanning operation of the stag^e 6, the 
Z sensor 113 is made ineffective. The entire region of interest can 



be inspected by repeating stage scanning . In cases where the entire 
surface of the wafer 31 is inspected, ^scanning sequence shown in FIG. 

When the detection position A 35 is (taken)J| in the image processor 
circuit 10, an image attained at the detection position A 35 is compared 
with an image attainted at the detection position B 36, which has been 
stared in the memory 109. If any difference is found in/ccro parison, 
the difference is exQcactod as a candidate defect 40 to prepare a list 
of pattern defects 11. The list of patt ern defects 11 thus prepared 
is sent to the generaJL control part 110. In the general control part 
110, feature quantify data of each pattern defect 11 is tak£n out of 
the candidate defect memory part 41. A pattern defect 11 located in 
the mask region 42, which has been registered in a recipe, is flagged 
as a masked defect 43 (feature quantity data thereof is flagged) . After 
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ocnpletLon of inspection of the entire region of Interest, the user opens 
a trial Inspection defect check screen shown in FIG. 13. 

Tne trial inspection defect check screen can prises a defect dlsplajy 
editing part 150 far displaying feature quantity data of defects and 
editing classification thereof, a map display part 55 in which a current 
position indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of the wafer 
31, an image dis play part 56 in which an ima£e taken at the current position 
is displayed. a display changeover button 151 for turning on/off masked 
defects 43, and othcTr buttons which have already been described. The 
user sets the mouse operation oonmand butt^cn 140 to the selectmen mode, 
and then clicks any pattern defect 11 i n dic at ed on the map display part 
55. Thus, an image of the pattern defect 11 is presented on the image 
display part 56, and feature quantity data thereof is presente^d en the 
defect display editing part 150. On the defect display editQng part 
150, the pattern defect 11 is subjected to classification according to 
the image and feature quantity data thereof, i.e., a class code is assigned 
to the feature quantjity data of the pattern defect 11. At this step, 
if it is desiiQed to treat the pattern defect 11 as a masked defect, a 
particular code is assigned thereto. Thus, it can be identified 

as a masked defect on the map display part 55. After completion of the 
defect classification , the user makes a transfixion to a mask region setting 
screen A shown in FIG. 14^by using the recipe creation item selection button, 
or the user returns to the trial inspecticj^n initial screen by pressing 
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the Inspection end button. 

Ihe mask region settling scxeen coqprises a map display part 55 
in which a r y rrw m - position indicator 59 indicating the current position, 
magg code symbols of pattern defects llQand a mask region 42 are displayed 
on a layout of the wafer 31(7) j an image disp lay part 56 in which an image 
taken at the current position is displayedQj a display changeover button 
151 for turning on/oj£f masked defects 43 Q) a. new region button 160 for 
creating a new mask region^ a completion button 161 for indicating the 
end of cxeatlon of a new mask region^ and oth er buttons which have already 
described. Note tha t the map display par t 55 presents the entire die 
region. The current position indicator 59 and pattern defeqjts 11 in 
the entire d ie region are indicated in representation of on-die 
cx)ordinates. 

The user sets the mouse operation oammand button 140 to the movement 
mode, and then clicks in the vicinity of a class code of any defect to 
be masked for making n u ve ne nt thereto. Thus, an image of the defect 
to be masked is presented on the image display part 56. If the user 
judges that a mask region should be form ed, the user presses the new 
creation button 160 to select a region creation mode. In this mode, 
the user defines a mask region by clicking at the upper left • oo rner and 
the lower right corner thereof on the image display part. The mask region 
thus defined (mask region 42) is Indicated on the map display part 55. 
After creating the mask region^ as mentioned above, the user can turn 
on/off masked defects 43 by pressing the display changeover button 151 
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to confirm the location of the defect to be masked. When the mask region 
42 is set up as required, the user presses the recipe save button 334 
far saving data of the mask region 42 in a recipe. 

After saving the data of the mask region 42, the user presses 
the completion button 161 to return to the trial inspection defect check 
screen. Further, on the trial inspection defect check screen, the user 
presses the inspection end button 144 to return to the trial inspection 
initial screen. Then , it is also (allowed) J far the user to select another 
die for trial inspection. For confirming and terminating the 
atove-nentioned recipe creation session, the user presses the recipe 
creation end button 133. Upon completion of the recipe cxeatjion, the 
wafer 31 is unloaded back to the cassette 114. 

Hie following (jfescri bes))the inspection operation in which any 

candidate defect detected in other than the mask region is examined as 

a pattern defect. In the inspection operation, the user opens the startup 

screen shown in FIG. 9 on the operation display 45. On the slot selection 

part 130 of the start up screen, the user selects a code muter of a slot 

where the wafer 31 to be inspected is cont^ained. Tben, on the recipe 

selection part 131, the user specifies a product type of the wafer 31 

til ^ 

and a process step thereof, and the user presses (an))iiispecti^cn start 
button 330 for startling the inspection operation. After wafer loading, 
aligranent and calibration arejjrrade} inspection processing is carried 
out. Then, defect check and defect data output are performed, and wafer 
unloading is\raade) < jat the end of inspection. (Described below are] the 
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inspection processing and defect check, which form essential parts of 
the present invention^. 

When the user presses the inspection start button 330 to indicat^e 
the start of inspection, the stage 6 is driven far movement to a scanning 
start position of the region to be inspe cted on the wafer 31 mounted 
thereon. A pre-neasu^red offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. Then, along 
the scanning line 33 shown in FIG. 3, the stage 6 is scanned in the Y 
direction. In synchronization j [of} this stage scanning, the de f lector 
105 is scanned in the X direction. During a period of effective sc arming, 
a voltage to the blanking plate (l04j^is turned off to let the electron 
beam 2 -F*n on the wafer 31 for scanning the surface thereof. 
Backscattered electrons or secondary electrons produced from the wafer 
31 are detected by the detector 8, and through the A/D converter 9, a 
digital image of the stripe region 34 is attained. The digita^l image 
thus attained is sto red into the memory 109. After cotpletio^n of the 
scanning operation of the stage 6, the Z sensor 113 is made ineffective. 
The entire region of interest can be inspecte^d by repeating stage scanning. 
In cases where the entire surface of the wafer 31 is inspected, the scanning 
sequence shown in FIG. 12 i^takerj. . 

When the detection po sition A 35 is (taken)^ in the image processor 
circuit 10, an image attained at the detection position A 35 is compared 
with an image attainted at the detection position B 36, which has been 
stored in the memory 109. If any difference is found in comparison. 
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the difference Is extracted as a candidate defect 40 to prepare a list 
of pattern defects 11. The list of pattern defects 11 thus prepared 
is sent to the gener^L control part 110. In the general control part 
110, feature guantit^r data of each pattern defect 11 is tak£n out of 
the candidate defect memory part 41. A pattern defect 11 located in 
the nask region 42, which has been registered in a recipe, is flagged 
as a masked defect 43 (feature quantity data thereof is flagged) . After 
ocnpletion of inspection of the entire region of interest, [anj^inspection 
defect check screen shown in FIG. 15 is opened. 

One inspection defecj: check screen ocnpr^ises a defect display 
editing part 150 for displaying feature quantity data of defects and 
editing classification thereof, a map display part 55 in which a current 
position indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of the wafer 
31, an image display part 56 in which an ima£e taken at the current position 
is displayed, a display changeover button 151 for turning on/off masked 
defects 43, and an inspection end button 144 for indicating the end of 
inspection. 

The user sets the mouse operation command button 140 to the 
selection mode, and then clicks any pattern defect 11 indicated on the 
map display part 55. Onus, an image of the pattern defect 11 is presented 
on the image display part 56, and feature guan tity data thereof is presented 
on the defect display editing part 150. On the defect display editing 
part 150, the pattern defect 11 is subjected to classification according 
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to the image and fealfure quantity data thereof, i.e., a class code is 
assigned to the feature quantity data of the pattern defect 11- Using 
the display changeover button 151, the user can turn on/off masked defects 
43 to check far any pattern defect In the mask region 41. To terminate 
the inspection defect check session mentioned above, the user presses 
the Inspection end button 144. Each classified pattern defect 11 and . 
feature quantity data thereof are stored into memory means (not shown) 
in the general ccntro^l part 110, and also delivered to external memory 
means (not shown) thr ough a ccmmmicatico line (not shown) or to other 
inspection/observation means (not shown). Ihen, control is returned 

to the initial screen. 

Aocoxding to one aspejct of the first prefe^rred embodiment, the 
entire surface of each wafer can be inspected using a SEM image thereof 
without regard to pattern defects in the mask region 42, i.e., true pattern 
defects 57 Qnly)j can be indicated to the user for easy identification 
thereof. 

Further, acccaxling to another aspect of the first preferred 
embodiment, it is also (allowed^ to displa^y masked defects in the mask 
region 42. Therefore , in cases where rou^h patterning is (made] j to form 
a redundant power wir ing layer, \a)jdegree of rougjiness in patterning can 
be examined by turning on/off the masked defects. 

Still further, accord Ing to another aspect of the first preferred 
embodiment, the mask region 42 can be set so as to mask false defects 
which have been identified under actual inspection conditions. It is 
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therefore possible for the user to define proper masking. 

-«»-\ 

Furthermore, aooording to another aspect of the first preferred 
enixdiment, a different mask region 42 can be created additionally. 
Tnerefdre, In cases vtihere masking has been defined using an object 
containing a small degree of random variation, the user can set up a 
new mask region additionally for providing proper masking as re quired. 

In a first modified form of the first prefeaQced embodiment, mask 
region management may be inplemented in a pa^t of image processing function 
har d war e v instead of using the general control part that Is a computer 
system. In this modified arrangement, (the) essen tially > same 

functionality is provided. Since the number of detectable defects is 
limited in terms of output capacity, this limitation can be removed by 
using image processing function hardware far mask region management. 

In a second modified f o rm of the first preferxQed embodiment, plural 
kinds of mask regions may be set up vghile only one kind of mask region 
has been treated In the forgoing description. In this modified 
arrangement, false defects due to plural kinds of causes can be c lass i fie d 
for defect data nena^ement. By turning on/off indications of false 
defects according to each kind of cause, the user can cheeky conditions 
thereof. Thus, it is possible for the user to preclude only minimum 
false defects for carrying out p rop er inspection. 

In a third modified form of the first preferred embodiment, a 
mask region on the mask region setting screen may be automatically defined 
as a rectangular regi on having a size approximately two times as large 



-31- 



as the projection length of any false defect not to be detected. By 
merging neighboring mask regions, a mask region is determined using data 
of pattern defects classified without Intervention of the user. In this 
modified arrangement. a mask region can be generated precisely through 
automatic operation. Far example, masking at hundreds i points can be 
provided automatically so as to allow ^ easy identification. As a further 
modified form of this modification, there may be provided ^such) an 
arrangement (tha£)jan automatically determined mask region can be redefined 
or edited. 

In a fourth irodified form of the first preferred embodiment, a 
mask region may be determined using design data in inspection of rough 
p atterning for power wiring, ion inplant^ation, or the lite. In this 
modified arrangement, the user can set up a mask region for* each kind 
of false defect while saving the time of input. 

In a fifth modified for m of the first preferreQd embodiment, pattern 
defects are indicated on layout information at a networked CAD display 
terminal instead of being indicated on layout information stored in the 
inspection apparat u s. In this modified arrangement, possible defects 
on ~^*> layer in rou^h patterning and fine patterning can be identified 
with ease. 

Embodiment 2: 

(The foUowinq descri bes] $ second preferred embodiment of the 
present invention.. (Referring tc^ FIG. 16^ there is shown ^configuration 
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of an eJection-beam pattern inspection apparatus } (In) the second preferred 
embodiment of the present invention. The electron-beam pattern 

Inspection apparatus ocmptrises an electron optical system |06) including] % 
an electron source l^f or emitting an electron beam 20/ an elecfjpon gun 
(102^ in which the electron beam 2 from the electron source 1 is extracted 
and accelerated by an electrode to produce a virtual electron source 
£oi} at a predetenrdned point through an eOectrostatixs or magnetic field 
superimposing lm^^ a condenser lens (l03)*far converging the electron 
beam 2 from the virtual electron source (Toi) at a predetermined convergence 
pointf^a blanking plate £04) A which is equipped in the vicinit^y of the 
oanvexgence point of the electron beam 2 for turning on/off the electron 
beam 2£)^a deflector 105 for deflecting the electron beam 2 in the X and 
Y directdbcxisQ ^ and an objective lens 4 for converging the electron beam 
2 onto an object substrate [s). ^Further, The electron-beam pattern 
Inspection apparatus ocnprises a specimen chamber 107 in which the object 
substrate [s) (wafer 31) is held infvacuumQj a stage 6 where the wafer 31 
is mounted ard^a retarding voltage 108 is applied for enabling detection 
of an image at an artd.£rary position^) < ja detector 8 for detecting seocndary 
electrons 7 or the like produced from the object substrate [s)to output 
a detected analog signalQ. ftn A/D ocnverter 9 Jfor converting the detected 
analoa signal into a digital image, l a memory 109 for storing digital 
image data, /an image processor circuit 202 (in vdiicH) Jthe converted digital 
image (Is compare^) with a reference digital image stored in the memory 
109 and p difference ^ found iiy oomparison by changing an image processing 
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cjondition 201 far each image processing region 200 ^is detected^, as a pattern 
defect rQ , (k general control part 110 1 In which feature quantity data 
(203) of each pattern defect 11^ such as oooaxlinate data, projection length 
data and shape data. Is handled (control lines from the general control 
part 110 are not show^n in FIG. 16^ and an operation display 45j|on which 
data of pattern defects 11 is displayed, an image of a selected pattern 
defect 11 is displayed , and each Image proce ssing region 200 is displayed 
or edited. Q Still further, the electron-beam pattern Inspection 
apparatus conprlses a keyboard (l2§, a mouse (121) and a knob (122) (not shown) 
far operation and amtro£J^ a z sensor 113 for measuring the height level 
of each wafer 31 to maintain a focal point of a detected digiteQL image 
throu^i control of a current applied to the objective lens by adding 
an offset H2Qj a loacter (lie) (not shown) far loading the wafer 31 from 
its cassette 114 to the specimen chamber 107 and unloading the wafer 
31 from the specimen chamber 107 to the cassette an ori entation 

flat detector (ll7) (not shown) for positioning the wafer 31 according 
to the circumferentia^l shape of the wafer 3lQjan optical nn^cxosc^ope 118 
for allowing observa^tion of a pattern on the wafer 3J0J and a standard 
specimen 119 which is set on the stage 6. 

Operations in the second preferred embodiment ("are described belowQ 
^hich) include a conditioning operation^ In which an image processing region 
200 and an image pro cessing condition 201 thereof are set ug^ and an 
inspection operation^ in which pattern defects 11 are detected. 

In the conditioning operation, the user opens the startup) screen shown 
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In FIG. 9 on the operation display 45. On a slot selectio n part 130 
of the startup screen, the user selects a cede number of a slot where 
the wafer 31 to he inspected Is contained. Then, on a reedpe selection 
part 131, the user specifies a product type of the wafer 31 and a process 
step thereof, and the user presses a recdTpe creation start button 132 
for starting the conditioning operation. The conditioning operation 
includes^] contrast setting for the electrcT n optical system (loj, pattern 
layout setting for the wafer 31, pattern positioning alignment for the 
wafer 31, calibration in which a signal lev el of the wafer 31 is checked 
at a position where the signal level is indicated accurately, inspection 
condition setting, image processing region setting (204) for ^ecifying 
an image processing region 200 and an image processing condition 201 
thereof, and setup condition check in trial inspection. (Descxib ed below) 
\me)"1he contrast setting- image prooessi^ng region setting, and trial 
inspection, which form essential parts of the present invention^ 

Hae general control part 110 provides operational instructions 
to each part in the following manner. Firjst, the general control part 
110 issues an operational instruction to the loader £l6) (not shown) so 
that the loader (il6) takes the wafer 31 out of the cassette 114. Then , 
through the use of the orientation flat detector (m) (not shown), the 
cSLrcumferential shape of the wafer 31 is checked, and the wa^er 31 is 
positioned according to the result of this check. The wafer 31 is then 
mounted on the stage 6, and the specimen chamber 107 is evacuated. 
Simultaneously, the electron optical system (106) and the retarding voltage 
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108 are conditioned. A voltage is ajpLL ed to the blanking plate (l04)CZ 
to turn off the electr^on beam 2. The stage 6 is moved so that Hie standard 
specimen 119 can be imaged, and an output of the Z sensor 113 Is made 
effective. While a focal point of the electron beam 2 Is maintained 
at a position corresponding to "a value detected by the Z sensor 113 
+ an offset 112", raster scanning is performed by the de fl ector 105. 
In synchronisation with this raster scanning, the voltage applied to 
the blanking plate £o^is turned off so that the wafer 31 is irradiated 
with the electron beam 2 as required. Backscatteted electrons or 
secondary electrons produced from the wafer 31 are detected by the detector 

8, which then outputs a detected analog signal. Ohrougi the A/D converter 

9, the detected analog signal is raiver^pd into a digital image. By 
changing the offset 112, a plurality of digital images are detected, 
and in the general control part 110, an optTnon offset £ll) for n^lndzing 
the sum of image differential values is detjerncined. The cptinun offset 
111 thus determined is set up as the current offset value. 

After the optimum offset (ll^ is established, the output of the 
Z sensor 113 is made ineffective and a screen transition is made to a 
contrast adjustment screen^ such as shown in FIG. 10. The ccHitrast 
adjustment screen con prises: a map display part 55 haying a map display 
area, a button for controlling display of the entire wafer or die map, 
and a mouse operation ccnmand button 140 for cxntrolling position novenent 
or item selection by the use of the mouse (l2l) (not shown); an image display 
part 56 having an image display area and an image changeover button 141 



-36- 



far setting an image magjiification, selecting an optical ndxsrograp^h image 
attained through the optical microscope 118 araSEM image attai n ed through 
the electron optical system [lCK^ and specifying a kind of image; a recipe 
cxeatlcn item selection batten 142; a recipe cxeaticn end button 133; 
and a recipe save button 134. On the contrast adjustment screen, the 
user sets the mouse operation oemmand bu tton 140 to a movement mode, 
and performs movement on the map by clicking the mouse (l2l) to view an 
Image at the current position on the image display part. Then, the user 
assigns an adjustment item of the election optical system QoeT) to the 
knob £23), and adjusts each part of the electron optical system (l06) to 
attain proper contrast . 

The recipe creation end button 133 Is used far terminating recrrTe 
cxeaticcQ^ the recipe save button 134 is used far saving recipe co n ditio n 
data^and the recipe creation item selection button 142 Is used for setting 
another condition and issuing an Instruction for screen transition. 
These buttons are available on all the screens. To open a trial Ins pection 
Initial screen^ such as shown in FIG. 11, the user sets the recipe creation 
item selection button 142 to a trial inspection item. 

The trial Inspection Initial screen coipri\es a map display part 
55, a recipe creation end button 133, a recipe save button 134, a recipe 
creation item selection button 142, an inspection start button 143, and 
an inspection end tuQton 144. The user sets the mouse operation command 
button 140 to a select ion mode. Then, by clicking a die on the map display 
part 55, the user can select /deselect ^ (the) die far trial inspection . Each 
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die can thus be selected for trial inspecQlai. After selecting any die 
for trail Inspection. the user presses the inspection start button 143 
to start trial inspection. When trial inspection is started, the stage 
6 is driven for movement to a scanning start position of the region to 
be inspected on the wafer 31 mounted thereon. 

A pre-measured offset value inherent in the wafer 31 is addend 
to the offset 112. and the Z sensor 113 is made effective. Ihen. along 
the scanning line 33 shown in FIG. 3. the stage 6 is scanned in the Y 
direction. In synchronization with this stage scanning. the deflector 
105 is scanned in the X direction. During a period of effective scanning, 
a voltage to the blanking plate (l04)>is turned off to let the electron 
beam 2 fall on the wafer 31 for scanning the surface thereof. 
Badcscattered electrons or secondary electrons produced from the wafer 
31 are detected by the detector 8. and through the A/D converter 9. a 
digital image of the stripe region 34 is attained. Ihe digital image 
thus attained is stored into the memory 109. After ocnpletib^n of the 
scanning operation of the stage 6. the Z sensor 113 is made ineffective. 
Die entire region of interest can' be inspecte^d by repeating stage scanning. 
In cases where the ent ire surface of the waf er 31 is inspected. (» canning 

sequence shown in FIG. 12 isj(take^. y^Juj^J 

When the detection position A 35 is (taken) jin the image processor 
circuit 202. an image attained at the detection position A 35 is compared 
with an image attained at the detection position B 36. which has been 
stored in the memory 109. If any <±Lrfe£ence is found in comparison. 
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the difference is extracted as a patt er n defect 11 to prepare a list 
of pattern defects 11. The list of patt ern defects 11 thus prepared 
is sent to the general control part 110. After oanpletion of inspection 
of the entire region of interest, the user opens a trial inspectio^n defect 
check screen^ such as shewn in FIG. 13. 

The trial inspection defect check screen comprises a defect 
display editing part 150 for displaying feature quantity data of defects 
and editing classi f ideation thereof, a nap display part 55 in which a 
current position indicator 59 indicating the current position and class 
code syiribols of pattern defects 11 are disp layed on a layout of the wafer 
31, an image dis play part 56 in which an ima£e taken at the current position 
is displayed, a display changeover button 151 for turning on/off masked 
defects 43, and other buttons which have already been described. 

The user sets the mouse operation exxman^d button 140 to the 
selection mode, and then clicks any pattern defect 11 indicated on the 
nap display part 55. Thus, an image of the pattern defect 11 is presented 
on the image display part 56, and feature quantity data thereof is presented 
on the defect display editing part 150. On the defect display editing 
part 150, the pattern defect 11 is subjected to classlfi ration aooording 
to the image and feature quantity data thereof, i.e., a class code is 
assigned to the feariQre quantity data of the pattern defect 11. At this 
step, if it is desired to treat the pattern defect 11 as a masked defect, 
a particular class code is assigned theret^o. Thus, it can be identified 
as a masked defect on the nap display part 55. After completion of the 
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defect ^i^firqtinn j the user makes a txan^sition to an image processing 
region setting screen (205) shown in FIG. 17 by using the recipe creation 
item selection button, or the user returns to the trial inspection initial 
screen by pressing the inspection end button. 

The image processing region setting scxee^n (205) comprises a map 
display part 55 in which a current position indicator 59 indicating the 
current position, class code symbols of pattern defects 11, and an image 
processing region 200 are displayed on a layout of the wafer 3lQ^an image 
display part 56 in which an image taken at the current position is displayed*^ 
a defect redisplay button 207 for defect indication based on feature 
quantity image data [203) of each pattern defect llQja new region button 
160 for creating a new regicr^)^ a ccrrpleti^on button 161 far indicating 
the end of creation of a new region, and ot£er buttons which have already 
described. Note tha t the map display pa£t 55 presents the entire die 
region. The current position indicator 59 and pattern defecQs 11 in 
the entire die regcTon are indicated in representation of on-die 
cxxxrdinates. The user sets the mouse opeTration contend button 140 to 
the movement mode, and then clicks in the vicinity of a class code of 
any defect corresponding to the image processing condition 201 to be 
changed for making movement thereto. Thus, an image of the defect of 
interest is presented on the image display part 56. 

If the user Judges thajt the image processing g condition 201 should 
be changed, the user presses the new cremation button 160 to select a 
region creation mode. In this mode, the use): defines a region by clicking 
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at the upper left earner and the lower rigjit corner thereof on the image 
display part, and the user provides a correspondence between an image 
processing condition number (506^of the regio^n and a class code. Reference 
is made to -the feature quantity image data (203) of a pattern defect 11 
having "the class code which corresponds . to the image processing co n d ition 
number ^20^ and the image processing con dition 201 is set up far the 
image processing condition number (206^ so th at all-defects detection will 
not be made by the image processor cdrcixL^t or software in the general 
control part (oatpq^ter) . As required, the user adjusts the image 
processing condition 201 manually. using a special ccnditicQn on/off 
button 208, the user specifies whether or not the image processing 
condition 201 is to be applied at the time of inspection. Qa the map 
display part 55, the defined region is ind icated as an image processing 
region 200 together with the image processing condition number |206j> After 
creating the image processing region 200 as mentioned above, the user 
presses the defect redisplay button 207 to confirm that each pattern 
defect 11 belonging to the image processing region 200 is not i n di c ated. 
When the image processing region 200 is set up as required, the user 
presses the recipe save button 134. Hi£s, data regarding the image 
processing region 200, the image processing condition number {206^) 
exxrresponding thereto, and the image processing co n di t ion 201 for each 
image processing number are saved in a recipe. 

After saving the above data, the user presses the co m pletion burton 
161 to return to the trial inspection defect check screen. Further, 
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cn the trial inspection defect check screen, the user presses the 
inspection end button 144 to return to the tri al inspection initial screen. 
Then, it is \also allowed) ^for the user to select another die for trial 
inspection. For. confirming and terndmtiri^g the above-mentioned recipe 
creation session, the user presses the recipe creation end button 133. 
Upon completion of the recipe creation, the wafer 31 is unlo^j3ed back 
to the cassette 114. 

One following describes the inspection operation. In the 

inspection operation, the user opens the startup screen shewn in FIG. 
9 on the operation display 45. Cn the slot selection part 13 0 of the 
startup screen; the user selects a code number of a slot where the wafer 
31 to be inspected is contained. Then, on the recipe selection part 
131, the user specifies a product type of the wafer 31 and a process 
step thereof, and the user presses an insjpection start button 330 for 
starting the inspection operation. After wafer loading, alignment and 
calibration arejjjna6§, inspection processing is carried out. Then , defect 
check and defect data output are performed , and wafer unloading is {made}^ 
at the end of inspection. (Described below are) Ihe inspection processing . 
and defect check, which form essential parts of the present invention^ 

When the user presses the inspection start burton 330 to indicai(3 e 
the start of inspectf^P 11 ' the stage 6 is dri ven for movement to a scanning 
start position of the region to be inspected on the wafer 31 mounted 
thereon. A pre-measu^red offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. Then, along 
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the scanning line 33 shown In FIG, 3, the stage 6 is scanned in the Y 
direction. In K Y Trtir™^ of this stage scanning, the deflector 

105 is scanned in the X direction. During a period of effective sc arming, 
a voltage to the blanking plate (l04)^is turned off to let the electron 
bean 2 on the wafer 31 far scanning the surface thereof. 

Backscattered electrons or secondary elec trans produced from the wafer 
31 are detected by the detector 8, and through the A/D converter 9, a 
digital Image of the stripe region 34 is attained. The digital image 
thus attained is stored into the memory 109. After ocmpl et ic£])i of the 
scanning operation of the stage 6, the Z sensor 113 is made ineffective. 
Ttie entire region of Interest can be inspecte^d by repeating stage scanning. 

• 

In cases where the entire surface of the wafer 31 is^inspected, the scanning 
sequence shown in FIG. 12 is^ake^. 

When the detection position A 35 is gakenjjin the image processor 
circuit 202, an image attained at the detection position A 35 is compared 
with an Image attained at the detection position B 36, which has been 
stored in the memory 109. If any difference is found in comparison, 
the difference is extracted as a pattern defect 11 to prepare a list 
of pattern defects 11. Hie list of pattern defects 11 thus prepared 
is sent to the general control part 110. After completion of inspection 
of the entire region of interest, an Inspection defect check screen^ such 
as shown In FIG. 15^is opened. 

The inspection def ec^J: check screen ocmpr ises a defect display 
editing part 150 for displaying feature quantity data of defects and 
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editlng classification thereof, a map display part 55 In which a current 
position indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displaced on a layout of the wafer 
31, an image dis play part 56 in which an inogje taken at the current position 
is displayed, a display changeover button 151 far turning on/off masked 
defects 43, and an Inspection end button 144 for indicating the end of 
inspection. Tte user sets the mouse ope ration contend buttrTn 140 to 
the selection mode, and then clicks any pattern defect 11 indicated on 
the map display part 55. Thus, an image of the pattern defect 11 is 
presented on the Image display part 56, and feature quantity data thereof 
Is presented on the defect display editing part 150. Ch the defect display 
editing part 150, the pattern defect 11 is subjected to classification 
according to the iraagje and feature quantify data thereof, i.e. , a class 
code is assigned to the feature quantity data of the pattern defect 11. 

A display changeover button 209 is provided for turning on/off 
the display for the image processing condition 201 in the image processing 
region 200. With thi s button, the user can perform a display cha ngeover 
according to whether or not the image processing co n di t io n 201 is applied 
to each pattern defeQ* 11 In the image processing region 200. If, by 
using the special condition on/off button 208, the user has speci fi ed 
that the image processing condition 201 is to be applied at the time 
of inspection, a display changeover with the image display changeover 
button 209 is not available since the image processing condition 201 
is already applied. To terminate the inspection defect check session 
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nenticned above, the user presses the insp ection end button 144 . Eac h 
classified pattern defect 11 and feature quantity data thereof are stared 
Into memory means (not shown) in the general control part 110, and^also 
delivered to external memory means (not shown) through a ccimun^ication 
line (not shown) or to other inspertion/qb^servation means (not shewn). 
Then, control is returned to the Initial screen. 

According to one asp£pt of the second pre^f^rred embodiment, the 
entire surface of each wafer can he inspected using a SEM image thereof 
without regard to pattern defects in the image processing region 200, 
i.e., true pattern defects 57 only can be indicated to the user for easy 
Identification thereof. 

Further, according to another aspect of the second preferred 
emhodiment, it is (also allowed) yto display defects in the image processing 
region 200. Therefore, in cases v|iere rou gjh patterning is(made)^to form 
a redundant power wir ing layer, (aydegree of rougjhness in patterning can 
be examined by means of display changeover. 

Still further, according to another aspect of the second preferred 
embodiment, an image processing condition can be set so that false defects 
identified under actual inspection conditions will not be detected. It 
is therefore possible for the user to specify a threshold properly just 
as required. 

Furthermore, according to another aspect of the second preferred 
embodiment, a different image processing region 200 can be created 
additionally. Iher^jEore, in cases where the image processing condition 
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201 has been defined using an object containing a small degree of random 
variation, the user can set up a new image processing region additionally 
to provide proper conditioning for image processing as required. 

Moreover, according to another aspect of the second preferre d 
embodime n t, -the image processing condition 201 is adjustable without 
completely deleting data of pattern defects 11 in the image processing 
region 200. Thexefor^e, the user can adjust the image processing condition 
201 so that false defect detection will be pre v ented as require^d while 
possible defects remain inspect able. 

Still further, according to another aspect of the second preferred 
entoodiment, in cases where, by using the special condition on/off button 
208, the user has . spe clfied that the image processing condition 201 is 
not to be applied at the time of inspectio^n. It is glowed) ^ to alter the 
image processing region 200 and the image processing condition 201. 
Therefore, even if it becomes necessary to provide a different image 
processing condition due to variation in a fabrication process, the user 
has only to adjust the image processing condition 201. Thus, inspection 
can be carried out using feature quantity data (203^ acquired already. 

Embodiment 3: 

(5he following describes^ third pref erreTjd embodiment of the 
present invention^ * 

(Referring toj FIG. 1€^ there is shown aj configuration of an 
electron-beam pattern inspection appara tus ^Qii) the third preferred 
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enfcodiment of the present invention. The electron-beam pattern 



inspection apparatus comprises an electron optical system (l06) incl«3incj;^ g 
an electron source 1 far emitting an elec tron beam 2j^an elect ran gun 
^10^ in which the electron beam 2 from the electron source 1 is extracted 
and accelerated by an electrode to produce a virtual electron source 
^Lbi) at a predetermined point through an electrostatic or magnetic fle/ld 
superimposing lensQj a ccndenser lens ^2^* for converging the electron 



bean 2 from the virtual electron source fLOl) at a predetermined convergence 
pointQj a blanking plate (104^ which is equipped in the vi cinit^y of the 
oonvergence point of the electron beam 2 for turning on/off the electron 
bean 2Qa deflector 105 for deflecting the electron beam 2 in the X and 
Y directionCV and an objective lens 4 for converging the electron beam 
2 onto an object substrate 5, " Further, the electron-beam pattern 
inspection apparatus comprises t a specimen chamber 107 in which the object 
substrate Vs\ (wafer 31) is held inj^vacuunCV, a stage 6 where the wafer 31 
is mounted and^a retarding voltage 108 is applied far enabling detection 
of an image at an arbitrary positior^^ ja detecjbor 8 for detecting secondary 
electrons 7 or the like produced from the object substrate ^ to output 
a detected analog signalQ, JeVi A/D converter 9jfor converting the detected 
analog signal into a digital image, ^ a memory 109 for storing digital 
image data, y an image processor circuit 10\in whichj/\the converted digital 
image (is compared] with a reference digital image stored in the memory 
109 and y a difference found in / comparison {is_ indicatedj as a candidate 
defect 40^ f A candidate defect memory part 41j| for storing feature gu antity 
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data 203 of each candidate defect 40. such as coordinate data, projection 
length data and shape dataR k feature quantity check part 251^ in which 
feature quantity data 203 of each candidate defect 40 is received from 
the candidate defect memory part 41 and it is checked^ whether the candidate 



defect 40 meets prespecdfied feature quantity data 25(Q ( B detail image 
processing part 252 ) in which, under an image processing condition 201 
specified for each feature quantity data , a judgnent for det ernrining 
^ pattern defect 11 is formed on the candidate defect 40 that has 
proved to meet the prespecdfied feature quantity data 250fcby the feature 
quantity data check part 251, J a general control part 110 {in whi cf^data 
of each pattern defecjt 11 ^ received) from the detail image pro cessing 
part 252 (control lines from the general control part 110 are not shown 
in FIG. 18}^ and] ^i operation display 45^on which data of pattern defects 
11 is displayed, an image of a selected pattern defect 11 is displayed, 
and the image process! ng region 200 is displaced or edited. n Still further, 
the electron-beam pattern inspection apparatus conprises a keyboard £2^, 
a mouse (l2l) and a knob ^22^ (not shown) for operation and cent roJj^ a Z 
sensor 113 far measur^ing the heiefht level of each wafer 31 to maintain 
a focal point of a detected digital image through control of a current 
qEpUP^ to the objecQtve lens by adding an offset ll^Q^a loader (Cl6) (not 
shown) for loading the wafer 31 from its cassette 114 to the specimen 
charter 107 and unloading the wafer 31 from the specimen chanter 107 
to the cassette 114Q^an orientation flat detector (ll7) (not shown) for 
positioning the wafer 31 according to the circuntferential shape of the 
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wafer 30j^an optical microscope 118 far (alio win^Jobservation of a pattern 
on the wafer 3lQj and a standard specimen 119 which is set on the stage 



6. 



Operations in the thir d preferred emboddnen^j*n?e described belowTj 
jitfiich^ Include a ccnditlcning operation y In which feature quantity data 
250 and an Inage processing condition 201 thereof are set up^ and an 
inspection operation^ in which pattern defects 11 are detected* 

In the conditioning operation, the user opens the startup screen shown 
in FIG. 9 on the operation display 45. On a slot selectio n part 130 
of the startup screen, the user selects a code number of a slot where 
the wafer 31 to be inspected is contained. Then, on a recipe selection 
part 131, the user specifies a product type of the wafer 31 and a process 
step thereof, and the user presses a red pe creation start button 132 
for starting the conditioning operation. The co n ditioning operation 
includes^;) contrast setting for the electron optical system (l0<), pattern 
layout setting for the wafer 31, pattern positioning alignment for the 
wafer 31, calibration in which a signal level of the wafer 31 is checked 
at a position where the signal level is indicated accurately, inspection 
condition setting, image processing feat ure quantity data set ting £53j 
for specifying feature quantity data 250 and an image processing co n ditio n 
201 thereof, and set^Tp condition check in trial inspection. (Described) 
(telow arej lhe uu u Ud^t setting, image processing feature quantity data 
setting, and trial inspection, which farm essential parts of the present 
invention^ 
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The general control part 110 provides oper ational instructions 
to each part In the following manner. Fir st, the general control part 
110 Issues an opera143 (nal Instruction to the loader [116] (not shown) so 
that the loader (116) takes the wafer 31 out of the cassette 114. Then , 
throu^i the use of the orientation flat detector Qxty (not shown), the 
circumferential shape of the wafer 31 is checked, and the wa£jer 31 is 
positioned according to the result of this check. The wafer 31 Is then 
mounted on the stage 6, and the specimen chantoer 107 Is evaq>a±ed. 
Simultaneously, the electron optical systejn 106 and the retarding voltage 
108 are conditioned. A voltage is appli ed to the blanking plate @04)C3 
to turn off the electxQon beam 2. The stage 6 Is moved so that the standard 
specimen 119 can be imaged, and an ciutpi£t of the Z sensor 113 Is made 
effective. While a focal point of the electron beam 2 Is maintained 
at a position cxaxe^ponding to "a value detected by the Z sensor 113 
+ an offset 112", raster scanning is per farmed by the deflector 105. 
In synchronisation with this raster scanning, the voltage applied to 
the blanking plate (lO^is turned off so that the wafer 31 Is Irradiated 
with the electron beam 2 as required. Backscattered electrons or 
secondary electrons produced from the wafer 31 are detected by the detector 

8, which then outputs a detected analog signal. Throu^i the A/D converter 

9, the detected analog signal is converged into a digital image. By 
changing the offset 112, a plurality of digital images are detected, 
and in the general con trol part 110, an optQiun offset (ill) for max indzing 
the sum of Image differential values is determined. The optiitum offset 
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(lll^ thus detentdned is set up as the current offset value. After the 
optimum offset (ui^ is established, the output of the Z sensoV 113 is 
made ineffective v and a screen transition is made to a contrast adj ustment 
screen^ such as shown in FIG. 10. M The contrast adjustment screen comprises: 
a map display part 55 having a map disp l ay area, a button for cent rolling 
display of the entir^e wafer or die map, and a mouse operation command 
button 140 for controlling position n u v em e nt or item selectio n by the 
use of the mouse (l2l) (not shown); an Image display part 56 having an 
image display area and an image changeov^er button 141 for se tting an 
image magnification, selecting an optical nriexograph image (oP^Xne^J^^ 
throu^i the optical microscope 118 or a SEM image (Attained) J t^o ucfi the 
electron optical sys tem {lO^, and specify ing a kind of image; a recipe 
creation item selection button 142; a recipe creation end button 133; 
and a recipe save button 134. 

On the contrast adj ustment screen, the user sets the mousse 
operation command button 140 to a movement mode^ and performs movement 
on the map by clicking the mouse (l2l) to view an image at the current 
position on the image display part. Then, the user assigns an adjustment 
item of the electron optical system ^106) to the knob (l227j and adjusts 
each part of the electron optical system (l06j to attain proper contrast. 
The recipe creation end button 133 is used for tenirinating recipe creation^ 
the recipe save butt on 134 is used for saving recipe concttti^on data£^ 
and the recipe exeat ion item selection button 142 is used for setting 
another condition and issuing an instruction far screen transition. 
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Ttese buttons are availahle on all the screens. To open a trial Ins paction 
initial screen^ such as shown in FIG. 11, the user sets the recipe creation 
item selection button 142 to a trial inspection item. 

The trial inspection initial screen ccnpri^ses a map display part 
55, a recdpe creation end button 133, a recjipe save button 134, a recipe 
creation item selection button 142, an inspection start button 143, and 
an inspection end but ton 144. One user se^s the mouse operation command 
button 140 to a selection mode. Then, by clicking a die on the map display 
part 55, the user can select/deselect the die for trial Inspection . Each 
die can thus be selected for trial inspection. After selecting any die 
for (teaif^ inspection, the user presses the inspection start button 143 
to start trial inspection. When trial inspection is started, the stage 
6 is driven for nove^jent to a scanning sta^rt position of the region to 
be Inspected on the wafer 31 mounted thereon. A pre-measured offset 
value inherent in the wafer 31 is added to the offset 112, and the Z 
sensor 113 is made effective. Then, aloefcj the scanning line 33 shewn 
in FIG. 3, the stage 6 Is scanned in the Y direction. In synchronization 
with this stage scanning, the deflector 105 is scanned in the X dir ecticn. 
During a period of ef f ective scanning, a voltage to the hlanWiP g plate 
^oijj^ls turned off to let the electron beam 2 fall on the wafer 31 for 
scanning the surface thereof. ' ' Backscattered electrons or secendary 
electrons produced from the wafer 31 are detected by the de^jector 8, 



and thrcugjh the A/D converter 9, a digita^l image of the stripe region 
34 is^attaine^. Hie digital image thus ^tta inedj^ls stored into the memory 
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109. After ocirpleti^cai of the scanning operation of the stac^e 6, the 
Z sensor 113 is made ineffective. Hie entire region of interest can 
be inspected by repeating stage scanning . In cases where the entire 
surface of the wafer 31 is inspected, a scanning sequence shown in FIG. 
12 is.ftakerj. 

When the detection position A 35 is (taken) ^ in the image processor 
circuit 10, an inBge^^^^Jjie^Ji at the detection posi t io n A 35 is cxnpared 
with an image (attain ed^at the detection position B 36, which has been 
stored in the memory 109. If any differ^ snce is found in oanparison, 
the difference is extracted as a candidate defect 40 and feature quantity 
data (203^ of the candidate defect 40 is stored into the candidate defect 
memory part 41. Siiru Itaneously, at the feature quantity data check part 
251, it is checked y whether the candidate defect 40 meets prespec rifled 
feature quantity data 250 or not. If the candidate defect 40 meets the 
prespecified feature quantity data 250, data of the candidate defect 
40 is sent to the detail image processing part 252. Then, in the detail 
image processing part 252, image processing is carried out under an image 
processing condition 201 detennined far each prespeci f i e d feature 
quantity data to check whether the candidate defect 40 is a pattern defect 
11 or not. If the can dictate defect 40 is recognized as a patteiPn defect 
11, an identification code (253) thereof stored in the candidate defect 
memory part 41 is sent to the general control part 110. After completion 
of inspection of the entire region of int erest, a defect chec^k screen^ 
such as shown in FIG. 19^ is opened. 
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Tne defect check screen comprises a defect display editing part 
150 f dr displaying feature quantity data of defects and editing 
cOassificatixai thereof^ a map display part 55^ in which a current position 
iiKiLcator 59 indicating the current position and class code symbols of 
pattern defects 11 are displayed on a laycTut of the wafer 3lQ^ an image 
display part 56vin \shich an image taken at the current position is displayed^)' 

; 4H^\ J 

a real/memory image display changeover button 255 far (making)^ a cha ngeover 

<\ 

between ^ real image display and A memory image display, and other buttons 
which have already been described. The user sets the mouse operation 
command button 140 to the selection mode , and then clicks any pattern 
defect 11 indicated on the map display part 55. Then, if ^ real image 
selection has been made with the real/me^mary image changeove^r button 
255, a coordinate location of the pattern defect 11 is taken for image 
acquisition. l^menrTry image selection has been made with the real/memory 
image changeover button 255, an image of the pattern defect 11 is presented 
on the image display part 56^ and feature guan^jttY data thereof is presented 
on the defect display editing part 150. On the defect display, editing 
part 150, the pattern defect 11 is subjected to c lassif ication according 
to the image and feature quantity data thereof, i.e., a class code is 
assigned to the feature quantity data of the pattern defect 11. At this 
step, if it is desired to treat the pattern defect 11 as a defect not 
to be detected 58, a particular class code is assigned thereto . Thus, 
it can be identified as a defect not to be detected on the map display 
part 55. After ccmpjTetion of the defect classification, the user makes 
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a transition to an linage processing feature quantity data setting screen 
J26(^ shown in FIG. 20^ using the recipe ere aticn item selection button, 
or the user returns to the trial inspection initial screen ty pressing 
the inspection end button. 

One image processing feature quantity data setting screen (i60j 
oenprises a class cod e specifying part 262 for specifying a cla ss code 
of interest (261^ ja def ect selection part 263 for selecting defects having 
the class code of int erest (261) in succes^ionQ^ a feature quan0±y data 
specifying part 264 for specifying feature quantity data of each selected 
defect and feature quantity data 250 used as a selection cri^erionQj a 
map display part 55^an image display part 56^ in which an image of each 
defect 11 is displayed^ • an image processing co n di t io n setting part 265 
far setting up an image processing condition number [207] corresponding 
to an image processing condition 201 to be applied to an image selected 
by the feature quantity data specifying part 264 £]j a <3efect redisplay 
button 207 for indicating on the map display part 55 the result of judgnent 
attained after an evaluation image processing part 252 checks (^whether 
or not an image in the candidate defect memory part 41 is a pattern defect 
llj^a new feature qua ntity data caseation button 266 for cxeatiiPg a new 
image processing condition nuntoer (207) corresponding to pres^eedfied 
feature quantity data 25<£)j a ccmpletion button 161 for indicating the 
end of creation of new feature quantity dataQ^ and other buttons which 
have already ctescribe^d. The recipe save button 134 is provided for saving 
data in a recipe. 
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After saving the data, the user presses the co m pletion button 
161 to return to the trial inspection defect check screen. Further, 
on the trial inspection defect check screen, the user presses the 
inspection end button 144 to return to the tr£al inspection initial screen. 
Then, it is (also allowed) J( for the user to select another die far trial 



inspection. For cOTfjirming and t eindnatiii^jg the abCMe-mentioned session/ 
the user presses the recipe creation end button 133. Upon completion 
of the recipe cxeafc^Qon, the wafer 31 is unloaded back to the cassette 

The (following descr ibes the) inspection operation^ In the 

inspection operation, the user opens the startup screen shown in FIG. 
9 on the operation display 45. On the slot selection part 13 0 of the 
startup screen, the user selects a code number of a slot where the wafer 
31 to be inspected is contained. Then, on the recdpe selection part 
131, the user specifies a product type of the wafer 31 and a process 
step thereof, and th e user presses an inspection start button 330 far 
starting the inspection operation. After wafer loading, alignment and 
calibration are^mac^, inspection processing is carried out. Then , defect 
check and defect data output are performed , and wafer unloading is (nedel ^^"^ 
at the end of inspection. (Described below ar^ processing 
and defect check, which farm essential parts of the present invention^ 

When the user presses the inspection start button 330 to indicate 
the start of inspectf^cn* the stage 6 is dri ven far movement to a scanning 
start position of the region to be inspected on the wafer 31 mounted 
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tnereon. A rra-neasuQred offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 Is made effective. Tben, along 
the scanning line 33 shown . in FIG. 3 , the stage 6 is scanned in the Y 
direction. In synciiraiizatim of this stage scanning, the de f lector 
105 is scanned in the X direction. Daring a period of effective scanning, 
a voltage to the blanking plate (104), is turned off to let the electron 
beam 2 fall on the wafer 31 for scanning the , surface thereof. 
Bactecattered electrons or secondary elec trans produced from the wafer 
31 are detected by the detector 8, and through the A/D converter 9, a 
digital image of the stripe region 34 is^attaine^. One digital image 
thus attained is stored into the nonary 109. After ocnpletio^n of the 
scanning operation of the stage 6, the 2 sensor 113 is made ineffective. 
•Hie entire region of interest can be insgect^jL by repeating stage scanning. 
In cases where the entire surface of the wafer 31 is inspected, the scanning 
sequence shown in FIG. 12 Isjfcateity Jjjjbci 

When the detection position A 35 is (taken)) in the image processor 
circuit 202, an image ^ttaine3); at the detection position A 35 is compared 
with an image (attain e^Jat the detection position B 36, which has been 
stared in the memory 109. If any cUffeiQsnce is found in comparison, 
the difference is extracted as a candidate defect 40 and stared in the 
candidate defect memory part 41. Furthe^r, the feature quantity data 
check part 251 selects a candidate defect meeting the prespecified feature 
quantity data, and using an image processing condition 201 determined 
by an image process ing condition numbs r (207] corresponding to the 
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prespecafied feature quantity data, the detail image processing part 
252 fuure a judgment on whether or not the candidate defect 40 is a pattern 
defect 11 j to prepare a list of pattern defects 11. Ine list of pattern 
defects 11 thus prepared is sent to the gen eral control part 110 . After 
corpletion of inspection of the entire region of interest, a defect check 
screen such as shown in FIG. 15 is opened. 

One defect check scnTen conprises a defect display editing part . 
150 for displaying feature quantity data of defects and editing 
classification therecd£)^ a map display part 55^ in which a current, positio n 
iTKHra+nr- 59 indicating the current position and class code symbols of 
pattern defects 11 are displayed on a laytTut of the wafer 3lQ an image 
display part 56 in which an image taken at the current position is di^played£] j 
a display changeover button 151 for turn ing on/off candidate defects 
41 with pattern d^ecTts 11 indicated^ ^ and an inspection end but ton 144 
for indicating the end of inspection. $ Hie user sets the mouse operation 
command button 140 to the selection mode , and then clicks any pattern 
defect 11 indicated on the map display part 55. Tnus, an image of the 
pattern defect 11 is presented on the image display part 56, and feature 
quantity data thereof is presented on the defect display editing part 
150. Cn the defect display editing part 150, the pattern defeat 11 is 
subjected to classification according to the image and feature quantity 
data thereof, i.e., a class code is assi gned to the feature quantity 
data of the pattern defect 11. A display changeover button 209 is provided 
for turning on/off the display for the image processing condition 201 
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in the image processing region 200. With this button, the user can perform 
a display changeover according to whether or not the image processing 
condition 201 is applied to each pattern defect 11 in the image processing 
region 200. If, by using the special condition an/off button 208. the 
user has specified that the image processing condition 201 is to be applied 
at the tine of inspection, a display cnan^eover with the image display 
changeover burton 209 is not available^ since the image processing 
condition 201 is alreCacly applied. To terminate the inspection defect 
check session mentioned above, the user presses the inspection end button 
144. Each ^i^recHf^ pattern defect 11 and feature quantity data thereof 
are stared into roemcTry means (not shown) in the ge n e r al cent rol part 
110, and y also delivered to external memory means (not shown) through 
a ccranunioation line ( not shown) or to other inspection/observation means 
(not shown). Tnen, control is returned to the initial screen. 

Aooarfing * to one aspq~pt of the third preferred embodiment, the 
entire surface of each wafer can be inspected using a SEM image thereof 
to detect true patte^rn defects 57 only. Thus, the user can identify 
the true pattern defects 57 with ease. 

Further, according to another aspect of the third preferred 
embodiment, in cases where rougfa patterning* is (made) J to form a redundant 
power wiring layer or a pattern edge, ^ degiOee of roughness in patj^rning 
can be examined by means of display changeover. 

Still further, accordQing to another aspect of the third preferred 
embodiment, an image processing condition can be set so that false defects 
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identified under actual Inspection conditions will not be detected. It 
is therefore possible for the user to specify a threshold prcpeiQly just 
as required. 

Purthernare, according to another aspect of the third preferxe^d 
embodiment, the image processing condition 201 is adjustable without 
completely deleting data of pattern defects 11 in the image processing 
region 200. Therefore, the user can adjust the image processing condition 
201 so that false defect detection will be prevented as required while 
possible defects remain inspectable. 

As set forth hereinal^pvev. and according to the present invention, 
the user can set up a non-inspection region /I effective for a dev±cT> having 
a complex, large pattern area to be inspect^ed^such as a wafer. Further, 
in cases where a considerable difference is found in ocnp^rative 
inspection of detected images^ even if the difference is not actually 
a defect, the present invention makes it possi b le to avoid fals^e defect 
detection while carrying out detection of nrinuscule defects. 

The invention may be embodied in other specific forms without 
departing frcm the spirit or essential characteristics thereof. The 
present embodiments are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the invention being 
indicated by the upended claims rather than by the foregoing description 
and all changes which come within the meaning and range of equivalency 
of the claims are therefore intended to be embraced therein. 



